The present work evaluated the epidemiology of human immunodeficiency virus 1/human T-cell lymphotropic virus (HIV-1/HTLV) coinfection in patients living
Human T-cell lymphotropic virus 1 and 2 (HTLV-1 and HTLV-2) are members of Retroviridae family, and share some biological and molecular properties (Hall et al. 1992) . HTLV-1 is endemically found in distinct geographic areas, such as Japan, the Caribbean Basin, parts of West Africa, Melanesia, South America, and Middle East (Manns et al. 1999) ; in these places, the infection is commonly associated with hematological and neurological disorders (Osame et al. 1987 , Murphy et al. 1989 . HTLV-2 is mainly found among Indians from the Americas and intravenous drug users (IDU) from US, Europe, and Brazil (Hall et al. 1992 , Ishak et al. 1995 , Switzer et al. 1995 , Taylor, 1996 , Egan et al. 1999 .
In Brazil, there are distinct epidemiological profiles of infection by HTLV (Galvão-Castro et al. 1994 ). In the Northeast region of the country, HTLV-1 is the most prevalent type (Castro-Costa et al. 1991 , Galvão-Castro et al. 1994 , Dourado et al. 1999 , while in the North region HTLV-2 is considered the most prevalent, and the Amazon region, the geographical area with the highest rate of infection . The South region of Brazil has reported infection both by HTLV-1 and HTLV-2 with similar rates (Galvão-Castro et al. 1994 The prevalence of HIV-1/HTLV coinfection is supported by similar routes of transmission and it has been widely studied and reported. The implication of coinfection in HIV-1 infection prognosis is unclear until now (Lefrére et al. 1990 , Visconti et al. 1993 ), but it is suggested that in the course of the disease patient can be significantly deprived (Brites et al. 2001) . In Brazil, HIV/HTLV coinfection is relatively high and is associated to risk factors that include previous blood transfusion, intravenous drug usage and sexual contact with multiples partners (Brites et al. 1997 , Vallinoto et al. 1998 .
In the present study we evaluated the prevalence of coinfection and phylogenetic relationship of HTLV-1 and HTLV-2 strains isolated from HIV-1 patients, in order to monitor and characterize the molecular epidemiology of HTLV coinfecting HIV-1 seropositive patients living in the Amazon region of Brazil.
MATERIALS AND METHODS
Population group examined and sample collectionBlood samples were collected from 169 patients infected by HIV-1, 117 patients (82 men and 35 women) attended at the Reference Unit for Infectious and Parasitary Diseases (Uredipe) of the state of Pará and 52 (34 men and 18 women) from the Central Laboratory of Public Health of the state of Amapá (Lacen-AP). Blood samples were placed in tubes containing EDTA in order to obtain plasma and peripheral blood mononuclear cells (PBMC). Both specimens were stored at -20 o C before use.
Serological assays -Samples were screened for the presence of anti-HTLV-1/2 using enzyme-linked immunosorbent assay (HTLV-1/2 Ab-Capture ELISA Test System, Ortho Diagnostic Systems Inc., Raritan, NJ, US). Positive samples were tested in duplicate before confirmation by nested PCR.
Nested PCR and RFLP -DNA extraction was performed on PBMC from HTLV-1/2 serorreactive subjects. Nested PCR and RFLP targeted the amplification of 159 bp of the pX region as previously reported (Vallinoto et al. 2002) .
All samples characterized as HTLV-1 were subjected to a nested PCR to amplify the 5' LTR region. The external primers sequences were 5'-TGACAATGACCATGA GCCCCAA-3' (LTR-I.01) and 5'-CGCGGAATAGGGCTA GCGCT-3' (LTR-I.02), corresponding to nucleotide positions 1-22 and 823-842, respectively. The internal primers sequences were 5'-GGCTTAGAGCC TCCCAGTGA-3' (LTR-I.03) and 5'-GCCTAGGGAATAAAGGGGCG-3' (LTR-I.04) corresponding to nucleotide positions 30-49 and 781-800 from HTLV-I ATK strain. The PCR product was electrophoresed on 1.5% agarose gels (200 V, 120 Amp/45 min) and purified by QIA Quick Purification Kit (Qiagen Inc., Maryland, US) prior to direct sequencing of the product.
All samples characterized as HTLV-2 were submitted to a nested PCR to amplify the 5' LTR region, using two sets of primers, 5'-TCGCGATGACAATGGCGACTA GCCTC-3' and 5'-GGGGGCTTTGGGTATTGGAGTTGGG-3' , corresponding to nucleotides 1-26 and 854-831 in the first reaction and 5' -GCCTCCCAAGCCAGCCAC-3' and 5' -GGGAAAGCCCGTGGATTTGCCCCAT-3' in the second reaction, corresponding to nucleotides 16-35 and 831-807 from the HTLV-II MoT strain. Following the amplification, the LTR fragment was electrophoresed on 1.5% agarose gels and purified by QIA quick purification kit (Quiagene, US) prior to direct nucleotide sequencing.
Sequencing -The amplified fragments were submitted to a direct sequencing assay according to the protocol of the ABI Prism Dye Terminator Cycle Sequencing Ready Kit (Perkin-Elmer Cetus, Norwalk, California, US); the reaction products were loaded on the ABI Prism 377 DNA Sequencer (Perkin-Elmer Cetus).
Phylogenetic analysis -The nucleotide sequences obtained in the present study originated from the 5' LTR region (Bel10420, AY920498; Bel10564, AY920503; Bel11935, AY920499; Bel10480, AY920500; Bel10562, AY920501; Bel11507, AY920502) were used, together with other HTLV-1 and HTLV-2 strains described in the Genbank, to establish the phylogenetic relationship. The aligned sequences were used in the Phylip 3.56 software package (Felsenstein 1993 ) to construct Neighbour Joining (NJ) and Maximum Likelihood (ML) trees (using the HKY substitution model). The statistical reliance of the NJ tree was evaluated using 1000 bootstrap samples. The trees were drawn with the TreeView 1.4 program (Roderic D Page, University of Glasgow, UK).
RESULTS
Serological analysis -The serological assay detected the presence of antibodies to HTLV-1/2 in six samples (3.5%) out of 169 (Table) . All the seropositive patients were from Belém, state of Pará. It was not observed serorreactivity among 52 samples from Macapá, state of Amapá.
Molecular characterization and phylogenetic analysis -All samples submitted to PCR had the pX region amplified. After the RFLP analysis two were typed as HTLV-1 and four were HTLV-2. The phylogenetic analysis of the LTR region resulted in trees with a topology that was identical when using the two different methods, NJ and ML (for NJ tree see Figs 1, 2) . Nucleotide sequencing of the 522 nt amplified product from the 5' LTR of HTLV-1, followed by phylogenetic analysis, showed two HTLV-1 strains phylogenetically related to the viral members of the Cosmopolitan group, subgroup Transcontinental ( Fig. 1) supported by bootstrap of 89%. The nucleotide sequencing of 517 nt amplified product from the 5' LTR of HTLV-2, after phylogenetic analysis, clustered the samples with other HTLV-2c Brazilian strains (Fig. 2) . 
DISCUSSION
In the present study the coinfection HIV/HTLV was confirmed in six patients, residents of Belém, with a higher prevalence of HTLV-2 infection than HTLV-1. These results confirm our previous report (Vallinoto et al. 1998) , that shows a higher prevalence of HIV-1/HTLV-2 coinfection in the urban area of Belém, which is different from other studies in Brazil, where a higher prevalence of HIV-1/HTLV-1 coinfection has been observed (Brites et al. 1997) . This is probably due to the highest endemicity for HTLV-2 found in the Amazon region of Brazil (Ishak et al. 2001) .
The absence of serorreactivity to HTLV-2 among samples from Macapá is at least intriguing. As far as we are aware, this region shows a high degree of miscegenation with Indian populations that inhabit the borders of the state and that have been reported as communities with high prevalence for HTLV-2 infection (Ishak et al. 1995) . We are in an initial process of epidemiological study of HTLV infection in the state of Amapá and this preliminary study highlights the need to determine the actual epidemiology of HTLV infection in this area of the Amazon region of Brazil.
In the present study it was detected the presence of HTLV-1, Cosmopolitan Group, Transcontinental subgroup, in two patients coinfected by HIV-1. This is in agreement with other studies that indicate this subtype as the most prevalent in urban populations such as São Paulo and Salvador (Segurado et al. 2002 , Alcântara et al. 2003a ). In addition, this subtype has been related in other rural communities in the state of Pará (Pontes et al. 2003 , Vallinoto et al. 2004 .
The origin of HTLV-1, Cosmopolitan Group, Transcontinental subgroup, in the New World is still controversial. Some evolutionary studies suggest that the first introduction of the virus in the continent occurred by the migration of Mongol population through Bering Straits around 40,000 to 10,000 years ago (Miura et al. 1997 , Yamashita et al. 1998 , Ohkura et al. 1999 , Li et al. 1999 , Ramirez et al. 2002 . Other studies suggest that the virus was brought along with the post-Columbian African slave trade, around 400 years ago, or more recently, due to migrations of HTLV-1 infected Japanese immigrants to Latin America (Vandamme et al. 1994 , Van Dooren et al. 1998 , Vallinoto et al. 2004 . Considering that Transcontinental subtype has been isolated in several ethnic groups, including Africans and their descendents living in Latin America (Van Dooren et al. 1998) , and that the HTLV-1 infection is absent or with low prevalence in the native Indian populations from the Amazon region (Ishak et al. 1995 , Shindo et al. 2002 , the presence of this subgroup in Belém could be suggested as a recent introduction of the virus in the Amazon region by the Africans who were brought as slaves around the 17th and the 18th centuries. However, our previous study has failed to identify HTLV-1 infection in two semi-isolated Afro-Brazilian populations located in the Amazon region of Brazil (Ishak et al. 1995) .
The genetic contribution of the populations inhabiting the Brazilian Amazon region indicates a clear trihybrid model in which the contribution of Whites, Indians and Blacks has been estimated about 47, 41, and 12%, respectively. In Belém the Black contribution values was 16% . Further studies, including a larger number of samples from different places of the Amazon, will be necessary to confirm the above-mentioned hypothesis or even to rule out a possible preColumbian origin for the HTLV-1 in the Amazon region of Brazil.
Studies of HTLV-2 infection in urban and non-urban communities from the Amazon region have shown the occurrence of an unique molecular subtype, designed as HTLV-2c, that is phylogenetically and phenotypically associated to HTLV-2a and HTLV-2b, respectively (Ishak et al. 1995 , Eiraku et al. 1996 , Vallinoto et al. 2002 , Alcântara et al. 2003b ). In the present study, the phylogenetic analysis of the nucleotide sequence of the 5' LTR obtained, shows that all the four strains isolated clustered in a distinct monophyletic group, associated to HTLV-2a. This result corroborates the proposal of the HTLV-2c as unique molecular subtype found, until now, in the Amazon region of Brazil (Vallinoto et al. 2002) .
The evidence, in the present study, of patients presenting the coinfection HIV-1/HTLV-2, highlights the fact that HTLV-2c is expanding its geographical area of endemicity to urban areas, and it is not restricted to the Indian populations of the Amazon region of Brazil, as had been previously reported in other studies (Ishak et al. 1995 , Eiraku et al. 1996 , Vallinoto et al. 1998 , Shindo et al. 2002 .
The introduction of HTLV-2 in urban population is still uncertain, once the virus is found endemically among several native Indian tribes in Brazil (Ishak et al. 1995) . It has been suggested that HTLV-2c was transmitted and disseminated, in Brazil, by sexual contact during the colonization period (Vallinoto et al. 2002) , and was also maintained within the Indian population through vertical transmission and breast feeding (Ishak et al. 1995 , Vallinoto et al. 1998 . It is possible that the molecular subtype HTLV2c was formerly present in the Indian native tribes, with posterior dissemination to the urban populations during its formation, through the inter-ethnic contact during the intense event of miscegenation (Vallinoto et al. 2002) . Fig. 2 : unrooted phylogenetic tree, showing the evolutionary relationship of human T-cell lymphotropic virus 2 strains described thus far including newly sequenced isolates from the present study (Bel-10480, Bel-10562, Bel-11507, and Bel-11935) . The tree was constructed by the Neighbour Joining method after alignment of 517 nucleotides of the 5' LTR region. The statistical support was applied using 1000 bootstrap replicates.
